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Summary
Objectives: To establish an ultrasonographic (US) grading for semiquantitative evaluation of the femoral condylar cartilage of knee osteoar-
thritis (OA), in vivo, and compare the in vivo US grading with the in vitro US and histologic gradings.
Design: Ninety-ﬁve patients going to receive total knee arthroplasty because of OA of the knee were recruited. US examination was performed
in vivo in the day before operation using a grading system including parameters of margin sharpness, clarity and thickness. Specimens of the
medial and lateral distal femoral condyles taken during the operation were graded with in vitro US and histologic evaluation. The correlation
between the in vivo US and in vitro US as well as between the in vivo US and histologic gradings was analyzed.
Results: In 172 femoral condyles (including medial and lateral ones), the distribution of grading ranged from Grade 1 to 6 in in vivo US and
from Grade 1 to 4 in histologic examination. The in vivo US grading was signiﬁcantly correlated to in vitro US grading over anterior and middle
areas ( p< 0.001, Rho¼ 0.35 and 0.45, respectively) and histologic grading over these two areas ( p< 0.001, Rho¼ 0.40 and 0.36, respec-
tively). When the cases with maximal angle of knee ﬂexion less than 120 degree were excluded, the correlation was better.
Conclusions: The signiﬁcant correlation between in vivo US and histologic gradings might permit semi-quantitative in vivo US assessment of
osteoarthritic femoral condylar cartilage.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) has been a prevalent musculoskeletal
disease1 usually causing pain and disability2. The earlier
medical treatments largely aimed on symptoms relief using
medication like NSAIDs. Recently, slow-acting drugs in OA
(SADOAs) have been developed with both symptom
modifying effects and structure modifying effects3. The dis-
ease-modifying OA drugs (DMOADs) are used to prevent,
decelerate, or even reverse degeneration of cartilage.
Nonetheless, most studies still employed symptom and1This study was granted by Kaohsiung Medical University,
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352disability indices as treatment measurement, such as pain
visual analog scale, Lequesne index and questionnaire of
Western Ontario and McMaster Universities Osteoarthritis
(WOMAC)4e6. Radiography is a frequently used image mo-
dality7. Cartilage thickness is indirectly evaluated by the
joint space width measurement. Yet, variability in knee po-
sitioning creates varying estimates of the joint space width7.
It was reported that the meniscus accounts for a substantial
proportion of the variance explained in joint space narrow-
ing8. Another major limitation of the joint space width mea-
sure is that we can only measure the sum of the two
opposing cartilage layers but not the individual cartilage
thickness9.
Arthroscopy provides a direct view of the cartilage and is
considered as gold standard for assessing cartilage le-
sions10. Its scoring and grading systems were also devel-
oped and validated11,12. However, the disadvantage of
arthroscopy is that it is an invasive procedure.
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cartilage include computed tomography (CT), magnetic res-
onance imaging (MRI) and ultrasonography (US)13. The CT
images can be obtained in the transverse plane, which is
perpendicular to the direction of weight bearing, but carti-
lage over the weight bearing area cannot be visualized. Al-
though the image reconstruction in the sagittal and coronal
planes is available, the resultant image quality is inferior to
those obtained by a direct imaging technique13. MRI has
also developed in recent years. Besides the thickness mea-
surement, MRI has also been implemented for molecular
imaging of cartilage14. Its limitations on clinical application
are due to the high cost and limited accessibility.
US is a non-invasive, widely available, and relatively inex-
pensive technique. It could be promptly performed and eas-
ily accepted by patients, and uses no ionizing radiation15.
Musculoskeletal US was used to evaluate periarticular and
intraarticular structures15,16. Naredo et al. used US to eval-
uate knee effusion, medial meniscus protrusion and medial
collateral ligament displacement and Baker’s cyst in knee
OA17. In 1984, Aisen et al. proposed to use US to evaluate
articular cartilage. Besides the absolute measurement of
thickness, they believed that the ratings of clarity and sharp-
ness correlated better with clinical status18. McCune et al.
also found that the gradings of clarity and sharpness were
most reliable quantitative predictors of pathologic change,
whereas the thickness measurement became less reliable
as the severity of pathology increased19. Grassi et al. con-
cluded that all the features should be combined to evaluate
articular cartilage damage20. Our previous study had set up
a grading system including these three major features to
evaluate the femoral condylar cartilage and found good
in vitro validity in comparison with histologic grading21.
The purpose of this study is to demonstrate in vivo validityFig. 1. US grading of OA cartilage (indicating the area inside the square
thickness change. Grade 2: blurred margin and partial lack of the clarity, w
of the clarity. Grade 4: difﬁcult-deﬁned margin and the complete-opaque
cartilage band. Gby examining the correlation of in vivo US and histologic
gradings in a group of severely diseased group.Material and methodSUBJECTSWe recruited patients with knee OA who were going to receive total knee
arthroplasty (TKA). Clinical symptom and radiograph determined the diagno-
sis of OA and decision of treatment with TKA. TKA is decided according to
the incurrence of intolerable pain and radiographic severity equal to or
greater than Ahlba¨ck stage III22. Thus, all the radiographic severity was sup-
posed to be equal to or greater than Ahlba¨ck stage III. Patients with inﬂam-
matory arthritis (e.g., rheumatic arthritis) and infectious disease (e.g.,
hepatitis B) were excluded.IN VIVO US EXAMINATIONAll patients received in vivo US examination in the day before operation of
TKA, with a commercially available US device using a real time 5e12 MHz
high-resolution linear transducer (HDI 1500; Advanced Technologies Labo-
ratories, Bethell, WA). Patients were supine on an examination bed, with
the knee to be replaced ﬂexed as much as possible. The angle of knee ﬂex-
ion was recorded. A horizontal grid just above the patella was drawn. The
transducer was placed on the grid and perpendicular to the surface of the
knee. The imaging parameters were set properly without change in the eval-
uation of all the subjects. The US grading over lateral and medial femoral
condyles was made by the same experienced investigator. Another investi-
gator repeated the US examination on some of the subjects.
We created the US grading system based on the conclusions of previous
studies, including evaluation on sharpness of the superﬁcial margin, and
clarity and thickness of the cartilage band18e21. Grade 0 indicates normal
cartilage with absolute sharpness and clarity and uniform thickness. Grade
1 indicates blurred margin or partial lack of the clarity without thickness
change. Grade 2 shows blurred margin and partial lack of the clarity without
thickness change, while Grade 3 indicates blurred margin and completed
lack of the clarity. If the margin is almost difﬁcult to be deﬁned and the
band is complete opaque, Grade 4 is coded. If the thickness of the band is
markedly changed, Grade 5 is coded. Grade 6 is coded if the cartilage band
could not be visualized (Fig. 1).mark). Grade 1: blurred margin or partial lack of the clarity, without
ithout thickness change. Grade 3: blurred margin and complete lack
band. Grade 5: marked thickness change. Grade 6: no visualized
r: Grade.
354 C.-L. Lee et al.: In vivo US grading of knee OASPECIMEN AND IN VITRO US EXAMINATIONDuring the TKA operations, distal femoral condyles were excised with an
oscillating saw and rinsed in saline. The distal medial and lateral condyle
specimens were chosen. The specimens were examined using US in vitro
by the ﬁrst US investigator. The grading system was the same as our previ-
ous report21. Since the investigator saw the specimens but not the subjects,
she was blinded to the results of in vivo US performed 1 day early.HISTOLOGIC EXAMINATIONThe specimens were ﬁxed with 4% paraformaldehyde for 24 h, and decal-
ciﬁed in a decalciﬁer for a few days. Then the specimens were processed for
embedding in parafﬁn wax. Standardized 4-mm-thick sections of the speci-
men were prepared from selected areas. The sections were stained with
haematoxylin and eosin (HE) for histologic examination. The characteristics
of histologic changes in osteoarthritic cartilage include loss of matrix staining,
surface ﬁbrillation, deeper ﬁssure or clefts, reduced thickness, loss and ero-
sion of cartilage, and thickened sclerotic subchondral bone23. Grading or
staging systems have been previously described24,25. Two pathologists,
who were blinded to US results, evaluated the histologic changes in the ar-
ticular cartilage under light microscope. They classiﬁed the histologic change
into four grades according to Huang’s criteria24 (Fig. 3).
The degeneration of the articular cartilage is usually inhomogeneous. It is
difﬁcult to select an area to represent the whole change. We selected the
areas for examination just based on the location. Two transverse areas on
each specimen, including anterior and middle areas, were chosen (Fig. 2).
The middle area of the specimen was located over the middle part of the
specimen and represented the weight bearing portion of the femoral condyle.
The anterior area of the specimen was located over the middle of the anterior
part of the specimen and represented the sub-weight bearing portion. Both
in vitro US examination and histologic examination were performed on
both these two areas.STATISTICAL ANALYSISWeighted Kappa was used for evaluating the agreement between two ob-
servers of in vivo US examination. Spearman correlation was performed to
determine the correlation between in vivo US and in vitro US gradings,
and between in vivo US and histologic gradings of articular cartilage. A sig-
niﬁcant correlation was deﬁned as p value less than 0.05. A Rho score of
less than 0.40 indicated weak correlation; that of 0.40e0.75, moderate cor-
relation; and that of 0.75e1.00, good correlation.Results
Ninety-ﬁve patients, 80 females and 15 males, were re-
cruited in this study. Mean age was 71.9 years with SD of
5.9 years. Fifty-one patients received TKA of right knee,Fig. 2. Two transverse areas, anterior (arrowheads) and middle
(white arrows), were chosen on both medial and lateral condyle
specimens for US examination. Then they were marked with
gentian violet for localization of histologic examination.44 patients of left knee. Maximal angle of knee ﬂexion
ranged from 50 to 145 degrees.THE DISTRIBUTION OF US AND HISTOLOGIC GRADINGSAfter decalciﬁcation, only 172 specimens (84 from medial
and 88 from lateral femoral condyles) could be analyzed.
The distributions of in vivo US and histologic gradings are
listed in Tables I and II. The discrepancy of cartilage degen-
eration severity over lateral and medial femoral condyles
was noted in both in vivo US and histologic gradings. Lat-
eral parts were less severe than medial parts. While mixing
the data from lateral and medial femoral condyles, the
grades included ranged from Grade 1 to 6 in in vivo US
and from Grade 1 to 4 in histologic examinations.INTER-OBSERVER REPEATABILITYThe ﬁrst 34 patients received a repeated in vivo US ex-
amination by a second investigator. Inter-observer repeat-
ability revealed moderate agreement in examining 34
medial femoral condyles, 34 lateral femoral condyles, and
68 mixed medial and lateral femoral condyles (Weighted
Kappa¼ 0.67, 0.61 and 0.68, respectively).THE CORRELATION OF IN VIVO US GRADING VS IN VITRO
US GRADING AND IN VIVO US GRADING VS HISTOLOGIC
GRADINGWe performed in vitro US examination on 171 specimens.
The in vivo US grading was signiﬁcantly correlated with
in vitro US grading over anterior and middle areas
(p< 0.001, Rho¼ 0.35 and 0.45, respectively). After ex-
cluding the specimens from subjects who could not ﬂex
their knee equal to or greater than 120 degrees, the corre-
lation was better over anterior area and similar over middle
area (p< 0.001, Rho¼ 0.41 and 0.44, respectively).
The relationship between in vivo US and histologic
gradings over anterior and middle area is presented, re-
spectively, in Tables III and IV. We also examined the
condition where the cases with maximal angle of knee
ﬂexion less than 120 degrees were excluded.
The in vivo US grading was signiﬁcantly correlated to his-
tologic grading over anterior and middle areas (p< 0.001,
Rho¼ 0.40 and 0.36, respectively). When the cases with
maximal angle of knee ﬂexion less than 120 degrees
were excluded, the relationship between in vivo US and
histologic gradings over anterior and middle areas was still
signiﬁcant and the correlation coefﬁcient was better
(Rho¼ 0.44 and 0.39 over anterior and middle areas, re-
spectively) (Table V).Discussion
This study demonstrates the validity of in vivo US grading
of osteoarthritic femoral condylar cartilage with comparison
with histologic grading. The correlation between these two
types of grading was signiﬁcant. Besides, in vivo US grad-
ing was also signiﬁcantly correlated to in vitro US grading.
The correlation was better in cases with maximal angle of
knee ﬂexion greater than or equal to 120 degrees.
Normal articular cartilage is a smooth-surface hyaline
cartilage. The cartilage contains chondrocytes and an abun-
dant extracellular matrix which is primarily made up of type
II collagen ﬁbers, proteoglycans, and water23. The appear-
ance on US is a homogenous anechoic band with a sharp
Fig. 3. The histologic grading and characteristics of OA cartilage. Grade 1: ﬂaking (A) and superﬁcial ﬁbrillation (B). Grade 2: chondrocyte
enlargement (C) and hyalinization (D). Grade 3: deep ﬁbrillation (E) and pitting (F). Grade 4: partial cartilage loss (G) or complete cartilage
loss (H). HE stain, 40.
355Osteoarthritis and Cartilage Vol. 16, No. 3margin. The lack of echoes is due to uniform transmission
of sound wave in cartilage with high water content20 and
densely packed, regularly organized collagen19. The sharp
margin corresponds to smooth surface of healthy cartilage.
In early OA, surface ﬁbrillation develops and results in
a loss of sharpness of the margin on US images. Deeper
ﬁssure or clefts cause the increased echogenicity26. The
thickness reduction, which could be showed on US exami-
nation, develops as the course of degeneration proceeds.
Previous studies had proposed that the major US fea-
tures of osteoarthritic cartilage were loss of margin sharp-
ness, loss of clarity of cartilage band, and thickness
reduction18,19. The thickness measurement by in vivo US
was demonstrated to be highly correlated with that by MR
imaging over corresponding area of intercondylar notch
(Spearman’s rank correlation coefﬁcient 0.82)27. However,
another study showed that the correlation was signiﬁcant
but only moderate over central portion of the femoral con-
dyles in symptomatic patients (Spearman correlation coefﬁ-
cient 0.44e0.61)28. Besides, the in vivo US and MRTable I
Distribution of in vivo US grades over various locations
Grade M L Total
1 0 4 4
2 5 22 27
3 16 33 49
4 17 10 27
5 27 12 39
6 19 7 26
Total 84 88 172
M: medial femoral condyle; L: lateral femoral condyle.gradings of the clarity and the sharpness of the cartilage
were signiﬁcantly correlated in the knees with OA (Spear-
man’s rank correlation coefﬁcient 0.27e0.38)28. In a cadaver
study, Mathiesen et al. revealed agreement between real
measurement and US examination in cartilage thickness
and the extent and depth of induced cartilage defects29.
Combined evaluation was thought to be important for
diagnosing cartilaginous damage20. Spriet et al. set up
a grading system using these US features. When they ap-
plied this grading system in a standard surgical model of
OA in rabbits with anterior cruciate ligament transaction,
they revealed highly signiﬁcant correlation between US
and histologic grades30. They used high frequency US
transducer (40 MHz) and performed the US examination
in vitro. Our previous study on human articular cartilage
using 5e12 MHz transducer also revealed good correlation
between in vitro US and histologic gradings21. The sys-
tems of US and histologic gradings we used were different
to those Spriet et al. used in rabbit model. In the current
study, we evaluated the validity of in vivo US grading ofTable II
Distribution of histologic grades over various locations
Grade Anterior area Middle area
M L Total M L Total
1 6 56 62 4 50 54
2 8 23 31 3 22 25
3 32 8 40 12 13 25
4 38 1 39 65 3 68
Total 84 88 172 84 88 172
M: specimen of medial femoral condyle; L: specimen of lateral
femoral condyle.
Table III
Relationship of in vivo US grades of distal femoral condyle and histologic grades over anterior area
Histologic grade US grade Total
1 2 3 4 5 6
1 0 (0) 18 (15) 23 (15) 8 (4) 9 (3) 4 (1) 62 (38)
2 2 (2) 2 (1) 13 (4) 7 (5) 4 (1) 3 (1) 31 (14)
3 2 (1) 6 (4) 7 (5) 7 (3) 12 (6) 6 (2) 40 (21)
4 0 (0) 1 (0) 6 (6) 5 (3) 14 (6) 13 (5) 39 (20)
Total 4 (3) 27 (20) 49 (30) 27 (15) 39 (16) 26 (9) 172 (93)
Numbers in parenthesis mean the numbers in the condition when only cases with knee ﬂexion ROM equal to or more than 120 degrees
were included.
356 C.-L. Lee et al.: In vivo US grading of knee OAosteoarthritic femoral condylar cartilage with comparison
with histologic grading. The results demonstrated that the
correlation between these two types of grading was also
signiﬁcant. However, the correlation was not as good as
that of in vitro US grading.POSSIBLE PITFALLS OF IN VIVO US EVALUATION
OF ARTICULAR CARTILAGEUsing ultrasound to examine the femoral articular carti-
lage in vivo, we may encounter some problems. The most
major problem is the difﬁculty in visualizing the weight bear-
ing portion of the femoral condyles due to its location behind
the patella. During the TKA operation procedure, we rou-
tinely marked the superior edge of the patella on the femoral
condyles with the knee maximally ﬂexed and before they
were excised. The marks were preserved on the specimens
in most cases, which meant that the superior edge of the
patella located on the distal femoral condyle while knee
maximally ﬂexed. It implied that when we applied US exam-
ination just above the patella transversely, the area we visu-
alized actually was the distal part of the femoral condyle.
We did ﬁnd that in vivo US grading of osteoarthritic femoral
condylar cartilage was signiﬁcantly correlated with histo-
logic grading of distal femoral condyles.
We also evaluated the in vitro US and histologic gradings
from anterior and middle areas of specimens from distal fem-
oral condyles, which represented sub-weight bearing and
weight bearing portion, respectively. We found the correla-
tion between in vivoUS and in vitroUS gradings was weaker
over anterior sub-weight bearing area than middle weight
bearing area. On the other hand, the correlation between
in vivo US and histologic gradings was better over anterior
sub-weight bearing area than middle weight bearing area.
However, the difference seemed not to be marked. This un-
apparent difference could be explained by moderate correla-
tion between anterior and middle areas in both in vitro US
and histologic gradings, which was presented in ourTable I
Relationship of in vivo US grades of distal femoral c
Histologic grade US
1 2 3
1 0 (0) 17 (13) 15 (9)
2 2 (1) 3 (3) 12 (5)
3 2 (2) 4 (3) 8 (4)
4 0 (0) 3 (1) 14 (12)
Total 4 (3) 27 (20) 49 (30)
Numbers in parenthesis mean the numbers in the condition when only
were included.previous study21. We also found that the correlation was bet-
ter if we excluded subjects who could not ﬂex their knee well.
That means adequate knee ﬂexion may be necessary to ex-
pose the weight bearing area of femoral condyle. Since an-
terior sub-weight bearing portion may be less involved in
general condition, we may underestimate the severity of car-
tilage erosion by using US evaluation. However, US still has
its value in serial follow-up treatment measurement by keep-
ing the area evaluated to be the same.
The second problem is that overlying soft tissue may in-
ﬂuence the appearance of the underlying cartilage band.
Synovial ﬂuid in patients with synovitis may impair the visu-
alization of the synovialecartilage interface20. Varying thick-
ness of the overlying tissue may also verify the image
echogenicity19. These factors also contributed the inconsis-
tency of the US results on the femoral condyle cartilage.
This problem partially explained the less validity of in vivo
US evaluation than in vitro US evaluation.
The equipment and technique are also possible causes
of error20. Throughout our study, we used the same US
equipment with the same imaging parameter set. We stan-
dardized the scanning position and probe angulation. Oper-
ator dependence is always a problem of US examination.
For validity evaluation in this study, only one investigator
was used to perform the US examination to avoid confound-
ing effect. We cautiously prevented these drawbacks.
The US grading is semiquantitative and relatively subjec-
tive, however, the inter-observer agreement was shown to
be moderate in this study. In other series of studies, quan-
titative US was used which may provide more objective
information31,32 and prevent the drawback of qualitative
US. However, invasive arthroscopic ultrasound imaging
instrument should be used and needs to be developed.LIMITATIONSMany studies examined artiﬁcial changes on cartilage
which could be uniform and standardized. This could onlyV
ondyle and histologic grades over middle area
grade Total
4 5 6
8 (6) 9 (2) 5 (2) 54 (32)
3 (2) 3 (1) 2 (0) 25 (12)
4 (2) 6 (2) 1 (1) 25 (14)
12 (5) 21 (11) 18 (6) 68 (35)
27 (15) 39 (16) 26 (9) 172 (93)
cases with knee ﬂexion ROM equal to or more than 120 degrees
Table V
The correlation of in vivo US and histologic grades
N Rho p
Total cases 172
Anterior specimen 0.40 <0.001




Anterior specimen 0.44 <0.001
Middle specimen 0.39 <0.001
357Osteoarthritis and Cartilage Vol. 16, No. 3be done on animal cartilage18,33. To investigate the histo-
logic changes in the degeneration of human cartilage,
data are commonly acquired from specimens from patients
undergoing TKA. The possible drawback is that the overall
severity would be great. Fortunately, the involvement of de-
generation change over two compartments of tibiofemoral
joint is usually not identical as shown in our study. In a pa-
tient with medial compartment severely involved, the lateral
compartment may be only mildly involved. In our study, the
specimens from lateral compartment constituted the sam-
ples with mild severity. Thus, we were able to investigate
cartilage samples with mild to severe severity.
Another problem is that limited ﬂexion angle is the com-
mon feature in patients with knee OA. Limited knee ﬂexion
causes poor exposure of weight bearing area of articular
cartilage. The maximal angle of knee ﬂexion ranged from
50 to 145 degrees in our study. About half of our subjects
preserved the ﬂexion angle. When we excluded the sub-
jects with poor knee ﬂexion (maximal angle of knee ﬂexion
less than 120 degrees), the correlation between in vivo US
and histologic gradings became better. It implied that the
angle of knee ﬂexion did inﬂuence the correlation. However,
the optimal angle for US examination is not yet known. We
recommend to ﬂex the knee at the same angle during serial
follow-up treatment measurement.
In conclusion, US grading may provide clinical evaluation
of osteoarthritic femoral condylar cartilage. We believe that
some technical advancement in the US technology would in
the future enable even better inspection of the cartilage per-
cutaneouly. Thus we could use US examination to detect
early change in cartilage degeneration and take action ear-
lier in clinical practice. We also could use US examination to
assess the efﬁcacy of treatment in both clinical practice and
research ﬁeld. Further studies should focus on the relation-
ship with clinical presentation and also aim to improve the
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